Background The ability to provide medical care during sudden increases in patient volume during a disaster or other high-consequence event is a serious concern for health-care systems. Identifi cation of inpatients for safe early discharge (ie, reverse triage) could create additional hospital surge capacity. We sought to develop a disposition classifi cation system that categorises inpatients according to suitability for immediate discharge on the basis of risk tolerance for a subsequent consequential medical event.
Introduction
The ability to provide medical care during sudden increases in patient volume during a disaster or other highconsequence event is a substantial concern for health-care systems. History has shown that during disasters and epidemiological outbreaks, hospitals take the burden of caring for the sick and injured. [1] [2] [3] [4] [5] [6] In most major city hospitals, inpatient capacity is constrained on a daily basis. [7] [8] [9] Thus, hospitals are concerned about maintenance of inpatient capacity during normal operating conditions, and they are developing methods to improve resource capabilities during surges. 10, 11 Several measures have been suggested for the creation of hospital surge capacity. [12] [13] [14] [15] [16] These include: cancellation of elective admissions and operations; redesign of current inpatient space to accommodate more beds when needed; opening of unlicensed or unstaff ed beds; rapidly outfi tting temporary nearby space, such as cafeterias or outpatient facilities; or deployment of temporary portable inpatient units. All these possibilities present unique operational challenges, such as imposition of unpractised routines in the context of rapid incremental demand for inpatient census. Furthermore, most options need hospital staffi ng to be increased at a time when the case-mix index can also be expected to increase. However, during some publichealth emergencies, especially those of a com municable nature, hospitals are likely to have substantial reductions in available staff , as happened during the severe acute respiratory syndrome outbreak. [17] [18] [19] Thus, for acute-care hospitals, a means to achieve maximum availability of capacity resources to allow for the care of victims of a disaster is a priority. 20 One novel approach to capacity management during disasters is reverse triage, which includes the safe discharge of current inpatients and refocus of hospital resources to those in even greater need. Patients might be discharged home, to facilities set up to care for less acute inpatients (eg, public-health contingency stations 21 specifi cally designed for this purpose), nursing homes, or other acute-care facilities. Thus, a need exists to develop an easy method to categorise hospital patients for safe discharge to suitable venues (including early discharge home), taking into account the existence and competence (or lack thereof) of available external resources.
We report the fi rst phase in the development of inpatient disposition criteria for the creation of hospital surge capacity during catastrophic or high-consequence events. The aim of this phase was to develop a disposition classifi cation system (reverse triage) based on risk tolerance of a consequential medical event as a result of discharge; assuming that critical interventions were withdrawn or withheld. We focus on the main components of the fi rst phase: (1) conceptualisation of the disposition classifi cation system; (2) development of operational defi nitions of consequential medical events and critical interventions; and (3) derivation of risk estimates related to early discharge from a multidisciplinary panel of experts. Subsequent phases of this project will use clinical data obtained from nearly 4000 hospital patients to examine the validity of the classifi cation system to correctly identify those who can be discharged early.
Methods

Expert panel
We used evidence-based materials combined with an expert panel consensus that was approved by the Institutional Review Board on Human Subjects Research. We hosted a warfare analysis laboratory exercise, 22 which was developed by the Johns Hopkins Applied Physics Laboratory in 2004. The exercise uses networked computers that allow anonymous participation through streaming comments entered into individual laptops by panellists.
39 expert panellists (27 clinicians or practitioners, 12 nonclinicians, or non-practising clinicians) took part in the 8-h exercise. Conference organisers determined the composition and the variety of desirable backgrounds of the panel members, who were then identifi ed and specifi cally invited. All panellists were involved in health care, but represented diverse perspectives, including those of nonclinicians. The composition of the expert panel is shown in panel 1. 31 of the participants were from various components of the Johns Hopkins Medical Institutions, and eight were from outside agencies and institutions. Almost all the local panellists had experience in other health systems in the USA, and four had experience in other countries. Those from the home institution represented three distinctly diff erent establish ments: a major academic health centre, an affi liate teaching centre, and a community hospital. Four of the authors participated in the panel discussions. Individual panellists received a detailed manual of background information on the day's proceedings, goals, objectives, and expectations from the expert panel. Need for written informed consent for participation was waived by the Institutional Review Board on Human Subjects Research because all written comments and risk estimates made by the panellists were anonymous and could not be linked back to an individual.
Warfare analysis laboratory exercise
The warfare analysis laboratory is a specialised facility equipped with a network of 53 laptop computers, an integrated audio and visual infrastructure with six large-screen, high-resolution, interactive three-dimensional computer graphics display monitors, a designated data-analysis station, and a 50-seat observation gallery. Plans, defi nitions, and assumptions can be displayed on large-screen monitors at the front of the room. One or more of the screens can be dedicated to continuous display of anonymous comments from panellists on each networked computer in real time. Items that need opinions or need to be voted on can also be processed and displayed in real-time.
Computer comments are numbered consecutively to help with responses to specifi c statements. The exercise is a formally defi ned process and is further described elsewhere. 22 The warfare analysis laboratory has a professional team that oversees the process. A trained facilitator guides the process, allowing for discussion of key issues, and maintaining the focus on the day's objectives.
Before the exercise was started, eight consensus panel organisers held two separate full-day rehearsals for the conference, to ensure that presentations, discussion, and voting would go smoothly. On the day of the exercise, panellists were shown how to use the facility and computer data-gathering techniques with presimulations unrelated or indirectly related to the planned session. Panellists were then exposed to short formal presentations on disaster management, surge-capacity concepts (fi gure), notions of risk and risk tolerance in health care, an overview of the project, and rationale and specifi c objectives. Evidencebased information was presented about decision-making devices (eg, Patient Outcomes Research Team [PORT] and Acute Physiology and Chronic Health Evaluation [Apache] III), peer-reviewed publications, and data for adverse events, readmission rate of discharged patients, and iatrogenic events related to being in hospital.
The tasks of the expert panel during the exercise were to: (1) develop an evidence-based disposition classifi cation system for discharge or transfer based on tolerance for the occurrence of a consequential medical event or the need for a critical intervention during the ensuing 72 h after discharge or transfer; (2) develop consensus defi nitions of consequential medical event and critical intervention; (3) assign, for each category of the system, the panel's tolerance for a subsequent consequential medical event, or need for an in-hospital critical intervention; and (4) compile a list of (1), patient safety (6), data analysis (5), military public health (3), city and state public health (3), public health (10), public health preparedness and response (10) , homeland security (9), prehospital care (1), international health care (7) Numbers in each category are shown in parentheses. Some physicians and experts are included in more than one specialist area.
critical interventions that would imply the need for continued stay in an acute-care hospital.
The disposition classifi cation system
Discussions were held of assumptions to be used for defi nition of the disposition classifi cation system. Panellists were presented with proposed assumptions developed by the project leaders and were invited to criticise and include additional assumptions. Final assumptions under which the conference proceeded are shown in panel 2.
Panellists were shown examples of classifi cation systems used for clinical decision making. [23] [24] [25] [26] The notion and number of categories were discussed by panellists both via open comment and anonymous computer input. Discussion focused on dispositions that defi ne severity of illness and likelihood of treatable complications. The process also included a discussion on the language used to defi ne the categories to help with assignment of tolerance of risk for a consequential medical event. Consensus was reached about the number of categories based on tolerance for a consequential medical event.
Consequential medical events and critical interventions
To determine into which category of the disposition classifi cation system a patient falls requires the assessment of risk for a consequential medical event. Assessment of risk took into account the possibility of medical deterioration, a new medical event, or the untoward eff ect of the withdrawal of a continuing treatment (ie, withdrawal of a critical intervention).
The consensus defi nition of consequential medical event developed by the panellists was: unexpected death, irreversible impairment, or reduction in function within 72 h of hospital discharge for which an in-hospital critical intervention would be initiated to stabilise or ameliorate the medical disorder or disorders.
Panellists reasoned that medical events were consequential only if acute in-hospital treatment or intervention was needed. Thus, when the probability of a consequential medical event was determined, the panellists agreed that likelihood should be judged on the basis of need for a new or continuing in-hospital treatment, termed critical intervention. Thus, failure to initiate or continue a critical intervention risked a consequential medical event.
To orientate panellists with respect to tolerance of risks taken in daily medical care, panellists were presented data for: 3-day and 15-day readmission rates taken from 26 000 adult discharges during 1 year (2003) for various medical services from one of our hospitals (unpublished data), as well as data of baseline inpatient hospital errors from the Institute of Medicine. 27 Risk, consequential medical event, and the defi nition of critical intervention were then discussed in detail.
After the defi nitions had been decided on, the panellists voted to defi ne the upper limit of acceptable risk for the occurrence of a consequential medical event (ie, need for critical intervention), for each of the categories of the disposition classifi cation system. Voting was on a scale of 0-100%, with votes given to one decimal point. Results of the fi rst vote were revealed and further discussion ensued. A second (and fi nal) consensus vote was then taken.
After discussion, a consensus defi nition of critical interventions was formed and became embedded in the defi nition of consequential medical event, as noted above. Panellists were then presented with a list of critical interventions to consider, and asked to validate or criticise each in view of the consensus defi nition. A list of possible candidate critical interventions was initially developed by the conference organisers. All panellists were allowed to suggest and add interventions to the list. Panellists with clinical experience or responsibilities were then asked to rank on a Likert scale of 1 to 10 (whole numbers only), how likely, in their opinion, the withholding or withdrawal of 
Panel 2: Assumptions held in development of disposition classifi cation system
• Panellists should think globally and not specifi cally about their facilities • The hospital will remain functional (ie, not a target of terrorist threat or disaster) • Government and other disaster response will occur • Disaster plans will exist • Health-care system will recover or be aided within 48-72 h • Assume ability to smoothly discharge or transfer patients (specifi c logistical issues will be considered separately).
• A model to compare risk profi les of competing new patients requiring hospital resources exists • Hospital liability protection exists or is not an issue • Inpatient beds could be redistributed across various services • Quality of care will not be compromised • Only basic (non-professional or family) care will be available to patients discharged into the community (relatives, shelters, or home) • Hospital patients with dismal prognosis will be considered separately • Other eff orts to improve surge capacity will be continuing each of the listed critical interventions would lead to a consequential medical event. A score of ten was deemed to be synonymous with certainty of a consequential medical event, whereas a score of one implied virtually no associated risk with withholding or withdrawing the specifi c critical intervention. Panellists without clinical experience or responsibilities participated in discussions, but did not vote. Separate votes were taken for withholding and withdrawing the critical intervention. Data generated by these votes were presented. After further discussion, a fi nal vote was taken.
Data analysis
Data were recorded and stored in a database and were then tabulated. Only the fi nal votes were used for analysis. Data only from clinicians were used for those questions requiring clinical expertise (clinicians could be identifi ed because they logged on as "clinician" rather than "nonclinician"). Because the warfare analysis laboratory exercise requires anonymity in recording participant responses, subgroup analyses by medical specialty were not possible.
Role of the funding source
The study sponsor had no role in the study design, data collection, data analysis, data interpretation, or the writing of the report. The corresponding author had full access to all data in the study and had fi nal responsibility for the decision to submit the paper for publication.
Results
The panellists agreed that a fi ve category disposition classifi cation system was optimum, for the intended task (table 1). Consensus was reached on the understanding and wording of the categories. The upper limit of risk tolerance for a consequential medical event for the fi rst category was less than 4%. This category represented patients who the panellists judged to be at low risk of a consequential medical event if discharged early; on the assumption that no skilled medical care was available outside the hospital setting. An example would be a patient admitted for intravenous antibiotics for uncomplicated cellulitis, who could readily be discharged and switched to oral medication.
The next categories had upper limits of risk tolerance of about 12%, 33%, 60%, and 100% respectively. The panellists agreed that category 2 represented those patients who, although at some risk of a consequential medical event, might nonetheless warrant discharge if surge capacity was needed for victims of a disaster; especially if incoming victims are at higher risk of consequential medical event than those patients considered for discharge. Panellists also agreed that this category of patients could warrant discharge in certain biothreat or other contagion situations in which spread of disease in hospitals would present a substantial added risk. An example would be a patient with acute coronary syndrome with no evidence of high risk for adverse events.
Category 3 represented patients who were potentially suitable for transfer to another medical facility. As a group, the risk was judged too high for simple discharge home. An example would be a stable elderly patient who is progressing well 3 days after hip-fracture surgery. Category 4 patients were those at substantial risk and judged likely to need continued acute-hospital resources. Examples of such patients include those in need of emergency surgery, those in need of pressors, and those in active labour. Finally, category 5 patients were those who might be too unstable or critically ill even for transfer to another appropriate facility. Most of these patients would require specialised medical care. Most patients in intensive-care units would be in this category. Table 2 shows the consensus list of critical interventions that if withdrawn would result in a consequential medical event. Less than half the critical interventions were assessed as 7 or higher (on a scale of 1-10). Only two-thirds were ranked higher than 5. For every situation, panellists' scoring for critical interventions that were withdrawn compared with those that were not available or withheld was much the same as that for critical interventions that were withheld.
Discussion
We have proposed the notion of in-hospital disposition classifi cation scheme (reverse triage) of inpatients to deal with increased hospital demand during high consequence disasters. A system of patient categorisation based on risk tolerance developed by an expert panel provides a context for further work to determine which patients can be safely discharged early at the time of overwhelming need for hospital-based resources. High consequent events are disasters that overwhelm local or regional infrastructure including the health system. The need to plan for and increase hospital capacity during high consequence disasters is now a standard recommendation. 11, 28 Many techniques have been suggested, such as cancellation of elective admissions and surgeries, opening of licensed but unstaff ed beds, use of other spaces that can be readily converted for clinical use, and triage and treat off site as many victims as possible. Most of these techniques need increased staffi ng at a time when either staff are not available, staffi ng is degraded because of the disaster itself, or staff are co-opted by the public-health system for other needs. Volunteer staff who are unfamiliar with hospital routine, remain an untested resource, and have yet to be shown as valuable for augmenting hospital capacity in any disaster. Thus, other ideas for increasing or preserving capacity become important.
Much has been written about the appropriate triage of disaster victims. The focus is to concentrate resources on the most severely injured or ill who are likely to survive with defi nitive medical care. [29] [30] [31] One way to create hospital surge capacity-through reverse triage-has received scant attention. In military terms, reverse triage refers to treating those who are not seriously injured fi rst to allow them to return to the battlefi eld sooner. Here, we expand the notion to the civilian medical model and include consideration of early discharge of the least sick. With present constraints on hospital capacity, making the most of available resources, rather than hoping that plans to augment them can be implemented, becomes an important consideration.
Patients are generally not discharged from hospitals if a consequential medical event is potentially foreseeable. However, a zero risk policy, although desirable, is not feasible. Forster and colleagues 32 report that up to 19% of discharged patients have an adverse event in the immediate (3 week) post-discharge period. Despite a strong patientsafety movement today, zero risk for an out of hospital consequential medical event as a condition of discharge is not attainable, and must be balanced against risk tolerance for various medical adverse events, including iatrogenic ones. 27, [32] [33] [34] [35] [36] Despite the accepted risks discussed, our experienced panellists were reluctant to ascribe a substantially higher risk to the category 1 patients. Even the risk tolerance assigned for category 2 patients can be regarded as conservative in view of the complex issues faced in major disasters. If a 12% risk of a consequential medical event is accepted, as was the consensus for category 2, the rate is still much less than the adverse event rate reported by Forster.
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The IQR for votes on categories 1, 2, and 5 were fairly narrow, indicating a cohesive consensus. However, the IQR for categories 3 and 4 were quite wide. Categories 3 and 4 would be unlikely to be discharged.
This report represents the fi rst part of a multiphase study. Once the categories are established, the next step will be to derive a system that allows classifi cation of individual hospital patients in real time. To accomplish this, measurable outcomes and prognostic variables are required. The panel initially defi ned critical interventions as a means to understand the notions of risk. However, the consensus critical interventions will also serve as the outcome measures in subsequent studies. What constitutes a consequential medical event is subjective. Thus, the critical interventions that are the outcome proxy measures were weighted for likely importance. Future analysis will consider the accuracy of such weighting.
The ultimate goal is to produce a disposition classifi cation system that guides clinical decision making during a disaster in a manner similar to the use of the Apache score 24, 26 or PORT score 23 in everyday clinical practice. In view of the increasing trend toward electronic medical data, prognostic variables of potential interest-eg, vital signs, key laboratory values, diagnostic considerations, co-morbid conditions-could be captured and continuously A further and potentially important value of the development of a risk-based disposition classifi cation system is that it is also designed for everyday hospital use. Emergency Departments in many parts of the world are often overcrowded, mainly as a result of severely restricted in-patient capacity. Thus, on a small, but real scale, disaster-like settings arise every day. The device being developed here could have a substantial eff ect on the safe management of hospital capacity on a routine daily basis.
In fact, preliminary data from the next phase of the study, available at this time, show that such a device might prove useful for such dual purpose. Simulating a disaster, we randomly sampled non-intensive-care unit adult patients from 50 medical units in our three-hospital system during 19 weeks. 37 Of the 4781 patients sampled, 786 (16%) were discharged routinely on the day of the disaster. Of the remaining patients, 2797 (70%) either had no critical interventions or were discharged in any event during the next 72 h. Although full analysis remains to be completed, these data are consistent with those reported by Davis and colleagues. 38 Physicians and nurses in this study opined that about 50% of patients were dischargeable during 72 h. When controlling for patients in intensivecare, the proportion of capacity is similar to ours. Finally, a study from a tertiary-care teaching hospital in the UK, also using opinion survey of nurses showed that more than a third of inpatient beds (including those in intensive-care units) could be made available within 4-12 h of a disaster if increased care were available in the community. 39 The fundamental problem with estimation of capacity on the basis of opinion surveys is absence of evidence that the estimates would result in safe practice. Furthermore, as in the case of the UK study, which called for aug mentation of community resources, it is unclear whether these resources could reasonably be increased during catastrophic events. Our approach is to establish the scientifi c basis for a practice that can be modifi able for use both daily and during catastrophic events.
Comments are needed on concerns that might be raised about the work presented here. The expert panellists were from a wide array of professions. Although many of the panellists have varied geographic and institutional experience, we did not attempt to ensure that every hospital structure and size was represented by all disciplines. Thus, inherent geographic or regional bias in the established ranges of risk tolerance could have occurred. However, as noted, about 25% of the panel were not from our system, and most of the panellists had other national and international experience. Even so, the model described is suffi ciently robust that risk tolerance notions can be scaled to an individual hospital and even an individual service. If adopted for daily routine use, risk tolerances for categories 1 and 2 might change or be subject to local customs. We did not consider patient or lay perspectives, but again, the variables of the proposed device can be modifi ed in those settings that wish to consider such views. Also, simulations used here might not represent reality, but most disaster planning is based on simulated exercises due to an absence of empirical data. Furthermore, other systems have been developed on the basis of clinical judgment, in the absence of empirical data. One example is the Abbreviated Injury Scale, 40, 41 which was originally based on clinical-judgment ratings, and has subsequently been shown to be both valid and reliable in measuring injury severity. More recently, Hick and O'Laughlin, 42 using a less structured consensus format, developed an ethical framework for the distribution of scarce intensive-care-unit resources during disasters.
The 48-72 h period of concern is not arbitrary. Generally local resources are highly stressed for this duration in the aftermath of a severe and sudden disaster. 43, 44 In fact, the US Joint Commission on Accreditation of Healthcare Organizations position on hospital preparedness states that hospitals should "ensure a 48-72 hour stand-alone capability through the appropriate stockpiling of necessary medications and supplies." 11 Other systems for augmenting surge capacity resources, including those defi ned by the National Incident Management System, 45 are activated within our period of concern.
Thus, external validation of our approach by the general community is needed, and this report serves as an appropriate foundation for such discussions. The next step is to derive a real-time decision rule or scoring system based on clinical variables that allows accurate categorisation of individual patients, followed by prospective validation.
